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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S282Conclusions: In this small cohort selected for high risk of OA pro-
gression, bone area changed in an approximately linear manner at 3 and
6 months from baseline. Bone area shows promise as a highly sensitive
biomarker of OA progression, detecting change when current imaging
outcomes are unable to do so, and provides a potential tool for small
short-duration proof of concept studies.
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QUANTITATIVE EVALUATION OF SYNOVIAL MEMBRANE AND
EFFUSION IN KNEE OSTEOARTHRITIS: NON-ENHANCED MR
ASSESSMENT USING T2 MAPPING
J. Kim. Osaka Univ. Graduate Sch. of Med., Osaka　, Japan
Purpose: Symptom and functional disability in knee osteoarthritis are
mainly related with disorders in several principal structures such as
articular cartilage, meniscus, ligament, and bone. Among those disorders,
synovial inﬂammatoryactivities are strongly inﬂuential on severityof pain
and prognosis of osteoarthritis. For assessment synovial inﬂammation,
ﬂuid-sensitive fat-suppressedMRprotondensityorT2 -weighted imaging
were often employed. However, recent MRI studies indicated that con-
trast-enhanced MR sequences are necessary to distinguish between
synovial membrane and synovial ﬂuid in synovial inﬂammation, due to
similar demonstration of synovial membrane and ﬂuid on non-enhanced
MR sequences. However, use of contrast-enhanced MR sequences had
inherent disadvantages including cost and risk of acute adverse reactions.
We hypothesized that T2 mapping of knee joints may be useful to dis-
criminate synovialmembrane and ﬂuidwithout using contrast agent, due
to remarkable variations of T2 values among those structures.
The aim of the current study was to assess volume of synovial mem-
brane and synovial ﬂuid on non-enhanced T2 mapping and examine
associations of synovial inﬂammation activity with clinical symptom
and structural disorders of the articular cartilage and meniscus.
Methods:MR imagingof the kneewasobtained in8patientswho showed
knee mild or advanced osteoarthritis on plain radiographs and provided
consent to this preliminary study. There were 2 males and 6 females, and
themeanage of patientswas55years (range;40 to 70 years). 3D-FIESTA-C
images (TR/TE:12.7/6.3ms; slice thickness: 1.5mm; FOV:12 cm; acquiring
time: 10min27 sec.) and2Dconsecutive sagittal T2map images (TR: 1500
ms; TE: 8 echoes between 10–80 ms; slice thickness: 3 mm; FOV: 12 cm;
acquiring time: 12 min54 sec.) were obtained using 3.0-T MRI system.
Previous studies showedmeanT2 value of synovialﬂuid as approximately
650 ms  110 and that of articular cartilage or subcutaneous fat as
approximately 50 ms  1 ms. Therefore, on T2 mapping images, we
deﬁned synovial ﬂuid as region with T2 value more than 430 ms, and
synovial membrane as regionwith T2 value between 100ms and 430ms.
Manual segmentation of each synovial membrane and ﬂuid was per-
formed for joint cavities at the suprapatellar recess and femoro-tibial
joints on a slice-by-slice basis using our custom-made software (Baum
globe,OsakaUniv.), byoneobserver [Fig.1(A, B andC)]. Then total volumes
of synovialmembrane and ﬂuidwere calculated bymultiplication of each
segmented region with the image section thickness. Ratio of synovial
membrane volume to ﬂuid volume (M/F ratio) was calculated in each
patient. On 3D WATS images, knee structural disorder in meniscus and
articular cartilage was assessed semiquantitatively using the Whole-
organ Magnetic Resonance Imaging Score (WORMS). Volume of synovial
membrane, synovial ﬂuid, and M/F ratio were correlated with WORMS
scores of meniscus or cartilage, and knee pain scores
Results: In all cases, synovial membrane and ﬂuid were easily differ-
entiated on T2 mapping images. Mean volume of synovial membrane
was 13.4ml 4.7. Mean volume of synovial ﬂuid was 4.3ml 2.3. Mean
M/F ratio was 4.2 (range; 2.2 to 9.8). Mean WORMS score of cartilage
was 36.6  5.2, and mean WORMS score of meniscus was 4.38  0.70.
Volume of synovial membrane or ﬂuid showed no signiﬁcant correla-
tions with WORMS score of meniscus / cartilage, or knee pain scores.
However, there was positive correlation between M/F ratio and knee
pain scores (r ¼ 0.577, Fig. 2).
Conclusions: Volumes of synovial membrane and ﬂuid in this study
were calculated similarly to previous studies using contrast-enhanced
MR sequences. Furthermore, high correlation between M/F ratio and
knee pain score suggested that synovial membrane inﬂammation was
more inﬂuenti l on pain worsening than ﬂuid accumulation. Although
further extensive studies for validation of segmented volume against
the gold standard of reference are needed, T2 mapping of knee joint can
be expected to provide reliable quantitative assessment of synovial
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S283inﬂammatory activities without using contrast materials in knee
osteoarthritis.
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IMAGING BIOMARKER WITH T1 AND T2 MAPPINGS IN
OSTEOARTHRITIS – IN VIVO HUMAN ARTICULAR CARTILAGE STUDY
C. Yan, C. Wong, T. Li, N. Gong, Q. Chan, K. Chiu. The Univ. of Hong Kong,
Hong Kong, Hong Kong
Purpose: Osteoarthritis (OA) of the knee is a common and dis-
abling disease worldwide. Its prevalence is increasing in view of
the aging population. Changes in collagen content, its orientation
and GAG content in the articular cartilage with age are the major
features in knee osteoarthritis. These changes in collagen and GAG
contents show no manifestation in plain radiography and con-
ventional magnetic resonance imaging (MRI). Nevertheless, early
diagnosis of the knee osteoarthritis is of paramount importance
clinically in view of the evolution of putative interventions in its
early stage. The aim of this project is to identify the relationships
between the two imaging biomarkers (i.e. T1_ and T2 mappings)
and the GAG concentration in living human symptomatic cartilage.
Methods: 28 patients with clinical diagnosis of knee osteoarthritis
were enrolled. 7 males and 16 females were recruited and their mean
age was 68.1 (ranges from 53 to 84). Conventional PD sequence, T1 and
T2 mappings were performed for each subject within 1 week before
total knee arthroplasty. Articular cartilage from the lateral tibial pla-
teau was harvested and the GAG content in cartilage was determined
by using dimethylmethylene blue method. T1 mean and T2 values
were calculated and correlate with GAG concentration statistically.
Results: The mean value T1_ was 40.3  13.5 ms, ranging from
15.3 to 69.3 ms and the mean value T2 was 31.0  10.5 ms, ranging
from 16.1 to 46.9 ms. The mean value of GAG content was 80.1 
33.3 mg, ranging from 24.9 to 166.0 mg while the mean value of
GAG concentration was 267.4  165.9 mg/cm3, ranging from 91.3 to
760.5 mg/cm3. T2 values were inversely correlated with GAG con-
centration with R2 ¼ 0.375, p ¼ 0.001 while T1 values were also
inversely correlated with GAG concentration with R2 ¼ 0.200, p ¼
0.025.
Conclusion: This in vivo study conﬁrmed that T1_ and T2 values
correlate with the GAG concentration in living human knee carti-
lage which corroborates with the previous works. The later (T2
values) is found more reliable in our study and less controversial in
literatures. We postulate that T2 values can serve as a non-invasive
imaging biomarker in the progress of knee osteoarthritis in terms
of both disease diagnosis and treatment response monitoring.
